Two distinct proton donors at the active site of Escherichia coli 2,4-dienoyl-CoA reductase are responsible for the formation of different products.
NADPH-dependent 2,4-dienoyl-CoA reductase (DCR) is one of the auxiliary enzymes required for the beta-oxidation of unsaturated fatty acids. Mutants of Escherichia coli DCR were generated by site-directed mutagenesis to explore the molecular mechanism of this enzyme. The Tyr166Phe mutant, which was expected to be inactive due to the loss of its putative proton donor residue, exhibited 27% of the wild-type activity. However, the product of the reduction was 3-enoyl-CoA instead of 2-enoyl-CoA, the normal product. Glu164 seems to function as proton donor in the Tyr166Phe mutant, because the Tyr166Phe/ Glu164Gln double mutant was inactive whereas the Glu164Ala mutant exhibited low but significant activity. His252 is important for the efficient operation of Tyr166 because a His252Ala mutation by itself reduced the activity of DCR by 3 orders of magnitude, whereas the Tyr166Phe/His252Ala double mutation exhibited 4.4% of the wild-type activity. This data supports a mechanism that has Tyr166 with the assistance of His252 acting as proton donor in the wild-type enzyme to produce 2-enoyl-CoA, whereas Glu164 serves as the proton donor in the absence of Tyr166 to yield 3-enoyl-CoA. A Cys337Ala mutation, which resulted in the loss of most of the iron and acid-labile sulfur, decreased the reductase activity more than 1000-fold. This observation agrees with the proposed operation of an intramolecular electron transport chain that is essential for the effective catalysis of E. coli DCR.